Background {#S0001}
==========

Tobacco is still among the leading preventable causes of disease in the US.[@CIT0001]--[@CIT0003] About 480,000 Americans die from tobacco-related illnesses annually. In addition, more than 16 million Americans are impacted by diseases caused by smoking.[@CIT0004] These tobacco-related illnesses cost the US more than \$300 billion each year. Unfortunately, there is an unequal health burden from tobacco use in the US.[@CIT0004] Despite the progress in reducing overall morbidity and mortality attributed to smoking, tobacco use has shifted from a mainstream behavior to a one that is largely concentrated among marginalized populations defined by SES and race/ethnicity.[@CIT0005]

Pervasive disparities in the health burden of tobacco use by race/ethnicity[@CIT0006]--[@CIT0010] and socioeconomic status (SES)[@CIT0011]--[@CIT0013] exist in the US. In addition, despite the overall decline in tobacco use rates, disparities across SES groups have increased.[@CIT0013]--[@CIT0015] Between 1966 and 2015, smoking declined by 83% in individuals with a college degree, while the decline for individuals without a high school diploma was almost half (40%). A large proportion of such disparities may not be due to individuals making poor choices but to predatory marketing.[@CIT0016]--[@CIT0018] Low SES individuals and ethnic minorities are at an increased risk for point-of-sale advertising, retail display, coupons, and discounts.[@CIT0019] The result is their increasing vulnerability[@CIT0020] which is exacerbated by low access to smoking cessation programs.[@CIT0008],[@CIT0021],[@CIT0022]

Marginalization-related Diminished Returns (MDRs) refer to "less than expected" health effects of SES resources particularly educational attainment for socially marginalized compared the socially privileged population.[@CIT0023],[@CIT0024] These patterns are persistent and suggest that: (a) not all race/ethnic disparities are caused by SES gaps but also by differential health gains from social and economic resources for Black and Hispanic compared to White populations, and (b) race/ethnic gaps in a wide range of outcomes increase as SES increases. These unexpected patterns suggest the need to address disparities across all SES spectrum.[@CIT0023],[@CIT0024]

Research has suggested that MDRs may also apply to understand racial/ethnic differences in tobacco[@CIT0025],[@CIT0026] and alcohol[@CIT0027] use in adults.[@CIT0025],[@CIT0026],[@CIT0028] In a study using a national random sample of White and Black older adults, educational attainment showed a stronger association with alcohol use among Whites than among Blacks.[@CIT0027] In a study using the National Survey of American Life (NSAL), educational attainment showed a smaller protective effect on smoking among Black adults than among White adults.[@CIT0025] In another study that used a representative sample Los Angeles residents, employment had a larger protective effect against smoking for non-Hispanic than for Hispanic adults.[@CIT0026] Several studies have also shown that parental educational attainment also generates less tangible health outcomes for Black and Hispanic youth than for non-Hispanic white youth.[@CIT0029]--[@CIT0035]

Using data from a nationally representative sample of US adolescents, we performed this study to explore whether adolescents' race/ethnicity alters the effects of parental educational attainment (family SES) on tobacco use. We hypothesized that the protective effect of family SES on youth tobacco use would be smaller in Black and Hispanic than in Non-Hispanic White youth.

Methods {#S0002}
=======

Design and Settings {#S0002-S2001}
-------------------

This is a secondary analysis of wave 1 data from the Population Assessment of Tobacco and Health (PATH). Funded by the NIH and the FDA, PATH is the state-of-the-art study on tobacco use in the US. PATH has enrolled about 49,000 people 12 years or older. Wave 1 data were collected in 2013--2014.

Sample and Sampling {#S0002-S2002}
-------------------

The PATH study's adolescent sample in Wave 1 was the civilian, non-institutionalized, US population 12--17 years old in the US. The PATH study used a four-stage stratified area probability sample design to recruit participants. At the 1st stage, a stratified sample of geographical primary sampling units (PSUs, n = 156) was selected. The PATH PSUs were counties or a group of counties. The 2nd stage was formed from sampled smaller geographical segments in each PSU. The 3rd stage sampled residential addresses. The fourth stage was the selection of one adolescent and adult participant within households. Participants completed a questionnaire using an Audio Computer-Assisted Self-Interview system. This study only includes data on adolescents (n=10,878).

Study Variables {#S0002-S2003}
---------------

The study variables included adolescent age, gender, race/ethnicity and tobacco use. Parental educational attainment (indicator of SES) and marital status were also included.

### Independent Variable {#S0002-S2003-S3001}

Parental educational attainment. Parental educational attainment was measured as a continuous variable ranging from 1 to 5: (1) "less than high school", (2) "GED or high school graduate", (3) "some college (no degree) or associates degree", (4) "Bachelor's degree", and (5) "advanced degree". Separate questions were asked for mother's and father's educational attainment. We created a parental educational attainment variable by using the higher of the two reported educational levels.

### Moderator Variables {#S0002-S2003-S3002}

Race/ethnicity. Adolescent race/ethnicity was used as moderator variable and was operationalized as a three-level categorical variable: Black, Hispanic, and Non-Hispanic White.

### Demographic Confounders {#S0002-S2003-S3003}

Age, gender, and family structure. Age was measured as a dichotomous variable: 1) 12 to 15 years old, 2) 16 to 17 years old. Gender was a dichotomous variable. Parental family structure was a dichotomous variable; 1= married, 0 = otherwise. Cohabiting parents were not collapsed with married parents because cohabiting parents are still unmarried.

### Dependent Variables {#S0002-S2003-S3004}

Cigarette Use. Dependent variables were ever, current (past 30-day) and daily cigarette smoking. Ever use was measured using the following question: "Did you ever try cigarette smoking, even one or two puffs?"(1=Yes, 0=No). Current cigarette smoking was measured by asking participants the number of cigarettes they smoked in the past 30 days (1=smoked 1 or more days, 0=did not smoke). Those who said they said they use tobacco were asked about number of days they smoked during the past 30 days question. So, we could identify individuals who smoked everyday over the past 30 days. "Every day" was coded as 1 if the person had smoked all the 30 days and 0 if the person had not smoked or had smoked less than 30 days. (1 smoked every day in the last month, 0 did not smoke all days in the last month).

Conceptual Model {#S0002-S2004}
----------------

[Figure 1](#F0001){ref-type="fig"} shows the conceptual model of the study. Building on the concept of MDRs, our study focused on interactions between adolescent race/ethnicity and parental educational attainment on cigarette use. The predictor of interest was parental educational attainment and we were predominantly interested in the differential effects of parental educational attainment on adolescent tobacco use outcomes based on adolescent race/ethnicity. We expected high parental education (family SES) to reduce the risk of adolescent tobacco use, but the reduction in risk would be smaller in Black and Hispanic compared to White adolescents. We expect results for Blacks and Hispanics to have similar patterns, because many social processes such as discrimination operate similarly across various marginalized groups.[@CIT0036]Figure 1Conceptual model of Marginalization-related Diminished Returns (MDRs) for youth tobacco use.

Data Analytical Plan {#S0002-S2005}
--------------------

As we were interested in the cross-sectional association between family SES (parental educational attainment) and tobacco use outcomes, we limited the analysis to wave 1 (baseline) data. We analyzed the data using SPSS 23.0 (IBM Corporation, Armonk, NY, USA). Since the PATH study uses a complex multi-stage sampling design and provides survey weights to makes results generalizable to the US population, we applied the weights and used Taylor series linearization for variance estimation. We first explored the distribution of our categorical and continuous variables. We then ruled out collinearity between race/ethnicity, parental educational attainment, and parental marital status. For univariate analysis, we used a frequency table. Next, we used multivariable logistic regression analysis with lifetime, current, and daily cigarette smoking as outcomes. First, we ran models in the pooled samples. The first model always had no interaction terms. To assess moderation, Model 2 included two interaction terms between race/ethnicity and parental educational attainment. Finally, we further assessed moderation by stratifying the regression models by race/ethnicity.

Ethics {#S0002-S2006}
------

All adolescent participants in the PATH study provided written assent. Their parents or guardians also provided permission and consent to be interviewed. Westat's institutional review board approved the PATH's study protocol. We, however, used the PATH public data set which is fully deidentified. As a result, the current analysis was non-human research and was exempt from an IRB review. PATH data are publicly available at the ICPSR website.

Results {#S0003}
=======

Descriptive Statistics {#S0003-S2001}
----------------------

This study included 10,878 American youth. [Table 1](#T0001){ref-type="table"} shows the descriptive data in the total sample. Table 1Descriptive Statistics (n = 10,878)N%Race/Ethnicity Non-Hispanic White647860.63 Hispanic White220820.66 Non-Hispanic Black180116.86 Hispanic Black1981.85Age 12-15557551.3 16-17530348.7Gender Women524348.3 Men560751.7Family Structure (Parents Marital Status) Non-Married392336.2 Married690363.8Lifetime (Ever) Cigarette Smoking No939786.4 Yes148113.6Current smoking (past 30-day) No10,37995.4 Yes4994.6Daily cigarette smoking (Last month) No10,77799.1 Yes1010.9**MeanSD**Parental Educational Attainment2.831.23[^1]

Multivariable Models {#S0003-S2002}
--------------------

[Table 2](#T0002){ref-type="table"} presents the summary of the results of two nested logistic regression models with parental educational attainment as the independent variable and tobacco use outcomes as the dependent variables. Both models were estimated in the pooled sample. While Model 1 only entered the main effects of parental educational attainment, race, ethnicity, and covariates, Model 2 also included two interaction terms between race and ethnicity with parental educational attainment. These models are shown for (a) lifetime cigarette smoking (Ever), (b) last month cigarette smoking (30 Days), and (c) daily cigarette smoking (30 Days).Table 2Logistic Regressions on Ever, Current and Daily Cigarette Smoking in the Pooled SampleLifetime Cigarette Smoking (Ever)Last Month Cigarette Smoking (30 Days)Daily Cigarette Smoking (30 Days)OR95% CIPOR95% CIpOR95% CIPModel 1 (All)Race/Ethnicity Non-Hispanic Whites1.001.001.00 Blacks0.460.39--0.54\< 0.0010.350.26--0.47\< 0.0010.180.08--0.39\< 0.001 Hispanics0.610.52--0.71\< 0.0010.440.34--0.58\< 0.0010.240.12--0.46\< 0.001Parental Marital Status0.530.47--0.59\< 0.0010.490.41--0.60\< 0.0010.360.23--0.54\< 0.001Gender (Men)1.070.95--1.200.2410.980.81--1.170.7920.730.49--1.090.126Age4.273.75--4.87\< 0.0016.034.70--7.74\< 0.00115.946.97--36.48\< 0.001Educational Attainment (1--5)0.780.74--0.82\< 0.0010.750.69--0.82\<0.0010.600.49--0.72\< 0.001Intercept0.23\< 0.0010.06\<0.0010.01\< 0.001Cox & Snell R Square0.0260.0150.009Nagelkerke R Square0.0460.0480.086Model p value\< 0.001\< 0.001\< 0.001Model 2 (All)Race/Ethnicity Non-Hispanic Whites Blacks0.260.17--0.39\< 0.0010.280.14--0.550.0000.200.04--1.080.062 Hispanics0.260.19--0.36\< 0.0010.150.08--0.260.0000.070.02--0.27\< 0.001Parental Marital Status0.530.47--0.60\< 0.0010.500.41--0.600.0000.360.24--0.54\< 0.001Gender (Men)1.060.95--1.200.2930.970.80--1.160.7200.720.48--1.080.116Age4.293.76--4.89\< 0.0016.054.72--7.770.00015.996.99--36.59\< 0.001Educational Attainment (1--5)0.700.66--0.75\< 0.0010.690.62--0.760.0000.560.45--0.69\< 0.001Black × Parental Educational Attainment1.241.07--1.440.0031.080.83--1.410.5480.930.42--2.050.854Hispanic × Parental Educational Attainment1.451.28--1.64\< 0.0011.651.34--2.050.0001.901.10--3.300.022Constant0.30\< 0.0010.080.0000.02\< 0.001Cox & Snell R Square0.0780.0420.018Nagelkerke R Square0.1420.1350.176Model p value\< 0.001\< 0.001\< 0.001[^2]

Based on Model 1, high parental educational attainment was associated with lower odds of tobacco use (all outcomes). Although there were some inconsistencies, Model 2 showed statistically significant interactions between both race and ethnicity with parental educational attainment on youth tobacco use indicators, that suggests a higher parental educational attainment has a smaller protective effect on youth tobacco use outcomes for Black and Hispanic than non-Hispanic White families ([Table 2](#T0002){ref-type="table"}).

[Table 3](#T0003){ref-type="table"} presents the results of race/ethnicity-stratified logistic regression models with Lifetime cigarette smoking (Ever), last month cigarette smoking (30 Days), and daily cigarette smoking (30 Days) as the dependent variable and parental educational attainment as the independent variable. Model 1, Model 2, Model 3, and Model 4 were performed in non-Hispanics, Hispanics, Whites, and Blacks. Based on Model 1 and Model 3, high parental education was associated with less tobacco use in non-Hispanics and Whites. Model 2 and Model 4 did not show any statistically significant association between parental educational attainment and youth tobacco use in Hispanics and Blacks ([Table 3](#T0003){ref-type="table"}). Table 3Logistic Regressions on Tobacco Use by Race/EthnicityHispanicsBlacksNoYesNoYesOR95% CIPOR95% CIPOR95% CIPOR95% CIPLifetime cigarette smoking (Ever) Race/Ethnicity0.410.340.49\< 0.0010.950.601.500.8260.530.450.62\< 0.0011.250.791.980.341 Parents married0.530.460.60\< 0.0010.650.500.830.0010.550.480.62\< 0.0010.550.390.77\< 0.001 Gender (male)1.040.921.180.5281.080.841.390.5511.010.891.140.8751.340.991.810.055 Parental Educational Attainment0.730.690.77\< 0.0011.010.911.120.8570.760.720.80\< 0.0010.910.801.040.177 Constant0.69\< 0.0010.160.0000.62\< 0.0010.14\< 0.001 Cox & Snell R Square0.0350.0050.0280.011 Nagelkerke R Square0.0630.0100.0490.023 Model p value\< 0001\< 0.001\< 0.001\< 0.001Last month cigarette smoking (30 Days) Race/Ethnicity0.200.100.40\< 0.0011.240.1510.500.8470.310.220.42\< 0.0010.820.351.940.659 Parents married0.330.220.51\< 0.0011.360.306.140.6870.490.400.61\< 0.0010.590.370.950.029 Gender (male)0.660.441.010.0542.360.4612.230.3060.910.751.120.3791.230.771.950.382 Parental Educational Attainment0.600.490.73\< 0.0010.510.241.110.0900.700.640.76\< 0.0011.120.921.350.261 Constant0.12\< 0.0010.01\< 0.0010.28\< 0.0010.03\< 0.001 Cox & Snell R Square0.0200.0030.0150.008 Nagelkerke R Square0.0600.0110.0450.037 Model p value\< 0.001\< 0.001\< 0.001\< 0.001Daily cigarette smoking (30 Days) Race/Ethnicity0.150.060.34\< 0.0010.950.127.670.9630.150.060.34\< 0.0010.950.127.670.963 Parents married0.350.220.54\< 0.0010.540.161.820.3230.350.220.54\< 0.0010.540.161.820.323 Gender (male)0.620.400.950.0282.530.679.550.1720.620.400.950.0282.530.679.550.172 Parental Educational Attainment0.560.460.68\< 0.0011.010.601.680.9850.560.460.68\< 0.0011.000.601.680.985 Constant0.14\< 0.0010.00\< 0.0010.14\< 0.0010.00\< 0.001 Cox & Snell R Square0.0110.0010.0100.002 Nagelkerke R Square0.0990.0220.0860.051 Model p value\< 0.001\< 0.001\< 0.001\< 0.001[^3]

Discussion {#S0004}
==========

The current study produced two findings. First, in the overall sample, parental educational attainment was inversely associated with youth tobacco use, across outcomes. Second, race/ethnicity showed statistical interactions with parental education: parental education level showed weaker protective effects on reducing youth tobacco use for Black and Hispanic families than for non-Hispanic White families. Race/ethnicity stratified logistic regressions showed similar results.

Our findings are in line with our previous work showing that high SES (e.g., educational attainment, income, marital status, and employment) Blacks and Hispanics remain at a disproportionately high risk of substance use, a level which is not expected given their SES.[@CIT0025],[@CIT0027],[@CIT0028],[@CIT0037] These patterns are consistent with what we know about the impact of SES on other health outcomes. The effects of educational attainment,[@CIT0030] income,[@CIT0038] employment,[@CIT0039] and marital status[@CIT0040] on diet,[@CIT0041] obesity,[@CIT0034] substance use,[@CIT0028] depression,[@CIT0038] happiness,[@CIT0042] affect,[@CIT0042] anxiety,[@CIT0040] self-rated health,[@CIT0043] chronic disease,[@CIT0044] oral health,[@CIT0031] hospitalization,[@CIT0045] disability,[@CIT0046] and mortality[@CIT0039] are all smaller for Blacks and Hispanics than for non-Hispanic Whites.

In a recent study, higher parental education reduced a wide range of behavioral risks for non- Hispanic White adolescents more than for Black and Hispanic adolescents.[@CIT0047] In one study, high education and income had weaker protective effect on reducing the risk of tobacco use for Hispanics than their White counterparts.[@CIT0048] In other studies, highly educated Blacks remained at higher risk of smoking and vaping, however education was reducing the risk of smoking and vaping for Whites.[@CIT0025],[@CIT0049] Another study showed similar findings for Native Americans for whom education showed weaker than expected protective effect against tobacco use.[@CIT0050] Furthermore, high SES LGBT were at higher risk of tobacco use than high SES heterosexuals, due to a weaker than expected effects of education on their smoking.[@CIT0051] The universal nature of MDRs suggests that marginalized people experience fewer protective effects of access to SES resources such as education. As a result, these patterns of MDRs can be attributed to social stratification, contextual factors, and unequal treatment rather than the behavioral choice of specific racial, ethnic or sexual minority groups.[@CIT0051]

There is a need to conduct more studies that help us understand the role of predatory marketing practices on racial/ethnic and SES disparities in tobacco use. We argue that structural factors such as predatory marketing may generate MDRs on tobacco use of non-White youth. That is, predatory marketing and advertising may impose additional risk of tobacco use to high SES Black and Hispanic individuals through reducing the effects of SES. SES is shown to have smaller effects for Blacks and Hispanics to bring them out of poor urban areas.[@CIT0052] High SES Black and Hispanic youth may be exposed to a high density of tobacco retails and advertisements. Introducing more restrictive tobacco marketing regulations may be particularly beneficial to Black and Hispanic populations. Example policies include banning point-of-sale advertisement, flavoring, coupons and discounts. However, all these hypotheses need additional research.

Implications {#S0005}
============

The results may have some policy and public health implications. The results help increase "understanding \[of\] why people become susceptible to using tobacco products".[@CIT0053] The results may contribute to the development of public policies designed to address tobacco-related disparities such as more restrictive national and local marketing and other policies.[@CIT0054] Fortunately, the literature shows that currently Americans tend to positively evaluate tobacco control regulations and do not view them as against their autonomy.[@CIT0054]

There is a need for both national and local policies that may successfully reduce the effect of MDRs on tobacco use and other health outcomes.[@CIT0024],[@CIT0025],[@CIT0028],[@CIT0031],[@CIT0032],[@CIT0034],[@CIT0037],[@CIT0040],[@CIT0055],[@CIT0056] We need to study the roles of discounts, coupons, flavoring, density of tobacco retails in shaping MDRs-related disparities in tobacco use.[@CIT0025],[@CIT0028] Similarly, we need to study the role of tobacco control policies and regulations that may minimize MDRs-related tobacco disparities. It is essential to explore how these marketing strategies target low SES Black and Hispanic communities.[@CIT0025],[@CIT0027],[@CIT0028],[@CIT0037] To undo race/ethnic disparities in tobacco use, there is a need to stop predatory tobacco marketing in low-income areas. We argue that understanding MDRs helps with developing such strategies.

Limitations {#S0006}
===========

This study had some methodological limitations. The cross-sectional design of our study limits any causal inferences. Sample size was imbalanced across race/ethnic groups and tobacco use outcomes. Income, employment, marital status, as well as area-level SES factors were not included in this study. This study did not measure tobacco control policies that vary based on the geographic location of the participants. Despite these limitations, this study still contributes to the existing literature on adolescent tobacco use. For Daily cigarette smoking (Last month), less than 1% were positive. So, this outcome was very skewed. Our sample size was large, sampling was random, the results were generalizable to the US, and multiple tobacco use outcomes were studied. Still, more research is needed on the mechanisms of MDRs of parental educational attainment on youth tobacco use.

Conclusion {#S0007}
==========

In the United States, minority youth are at a relative disadvantage compared to White youth in gaining tobacco use prevention benefits from their family SES (parental educational attainment). While higher parental educational attainment helped adolescents have lower tobacco use, this pattern is more pronounced in the most privileged group (whites) compared to marginalized groups (Blacks and Hispanics). As a result, we should expect a higher than expected risk of tobacco use in Black and Hispanic youth from high SES families. Race/ethnic disparities in tobacco use may be generated by factors beyond SES families. Research should explore structural factors that contribute to the reduced protective effects of parental education on tobacco use of middle-class Black and Hispanic youth.
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[^1]: **Note:** Percentages are weighted.

[^2]: **Abbreviations:** CI, Confidence Interval; OR, Odds Ratio.

[^3]: **Abbreviation:** CI, Confidence Interval.
